The glycoside composition and sequence of an extracellular polysaccharide ‰occulant of Klebsiella pneumoniae H12 was analyzed. GC and HPLC analysis of the acid-hydrolysate identiˆed its constituent monosaccharides as D-Glc, D-Man, D-Gal, and D-GlcA in an approximate molar ratio of 3.9:1.0:2.3:3.6. To analyze the glycoside sequence, the polysaccharide was partially hydrolyzed by acid and enzyme treatment. GC, HPLC, TLC, MALDI-TOF W MS, and 1H-and 13C-NMR spectroscopy characterized the obtained oligosaccharides.
The results clariˆed the partial structure of H12 polysaccharide as a linear polymer of a unit of pentasaccharide with a side chain of one D-GlcA to D-Glc moiety (see below). Although the existence of other sequences or other constituent glycosides could not be fully excluded, H12 polysaccharide must be a novel types as such a complicated unit for a polymer has not so far been reported. The partial structure of a H12 polysaccharide ‰occulant is also discussed in this report. There has been great interest in theˆeld of polysaccharide bio‰occulants in recent years. 1, 2) Because of their biodegradability and safety in the ecosystem, bio‰occulants have been expected to because new bio-materials with minimum environmental loads. 3, 4) Although many types of bio‰occulants have been found and studied, their ‰occulation mechanism has not been fully understood.
A Gram-negative bacterium, Klebsiella pneumoniae, and related species have capsular polysaccharides, which have been studied mainly in terms of the antigenic speciˆcity of O-and K-antigens, 5) and regarding their variety, the genus Klebsiella has been classiˆed into about 80 serotypes. 6) Each polysaccharide diŠers in the kind, sequence, or linkage of glycosides. [7] [8] [9] [10] [11] K. pneumoniae is found usually in combination with plant and animal tissues, but the adhesion and ‰occulation mechanism of the species have not been studied in detail.
Lately, a ‰occulant polysaccharide was reported to be produced in K. pneumoniae H12 strain. 12) Ten milligrams per liter of the polysaccharide strongly increased the adhesion relationship between the bacteria and a plant. 13) In this report, the chemical structure analysis for the structural analysis was done to answer the question, what structure contributes to ‰oc-culation activity?
Materials and Methods
Microorganism. K. pneumoniae H12 was described previously and maintained on the YMPG agar [0.3z yeast extract (Difco), 0.3z malt extract (Difco), 0.5z polypeptone (Nihon Pharmaceutical Co.), 1z glucose, and pH 7.0] until use.
Fermentative production and puriˆcation procedures of H12 polysaccharide. After cultivation on the YMPG agar, a loopful of K. pneumoniae H12 strain was inoculated into a production medium. A ‰ow sheet of the production and puriˆcation process is shown in Fig. 1 . The powder obtained after step III or step V was called the crude sample or the puriˆed sample, respectively.
Analysis of impurities in polysaccharide. Protein content was measured by the Lowry method, 14) and the ash content was measured by an ignition test written in the operating manual of the equipment (T221-1990, JSF). Elemental analysis was done with Analysis of the polysaccharide as to sugar composition. The amounts of the total sugar, amino sugar, and uronic acid were measured respectively by a phenol-sulfuric acid method, 15) an Elson-Morgan method, 16) and a carbazole-sulfuric acid method.
17)
The FT-IR spectra were measured by using a pellet of barium bromide and a spectrum photometer (type FT W IR-3, Jasco).
18)
One milligram of the puriˆed sample was solubilized with 1 ml of 33z tri‰uoroacetic acid and kept at 959 C for 4 h under N2 atmosphere. Analysis was done with a gas chromatograph with a FID and HPLC with a refractory index monitor. For GC, the hydrolyzed sample was solubilized with 100 ml of trimethylsilyldiazomethane at 609 C for 10 min. Gas chromatography analysis was done as follows: column; Ultra Alloy Capillary Column UA-1701 (0.25 mm×30 m), carrier gas; helium gas. The temperature was increased from 809 C to 2209 C during separation. HPLC analysis was done as follows: column; Yokogawa Excelpak CHA-L31 (7.8× 300 mm), carrier elution; 0.1 mM NaOH, ‰ow rate; 0.5 ml W min.
Partial hydrolysis to analyze the sugar composition by acid-and enzyme-treatment. Ten milligrams of the puriˆed sample was solubilized with 1 ml of 1.6z tri‰uoroacetic acid and incubated at 959 C under N2 for 2 h. After the pH was adjusted to 7.0, the sample was freeze-dried. 19) Oligosaccharide fractions were obtained through HPLC separation of the aqueous sample solution [column; Tosoh TSK-Oligo-PW (7.8×300 mm), elution buŠer; distilled water, ‰ow rate; 0.5 ml W min, standards; maltoligosaccharides (Wako; 504-, 828-, and 1152 m W z.), and monitored by refractory index]. After freeze-drying, the sample was solubilized with 1 ml of 10 mM acetate buŠer (pH 6.0) and was treated with b 1,4-galactosidase (200 units W ml) and b-glucuronidase (960 units W ml) at 209 C for 4 h. The sample was streaked on a thinlayer silica gel (Merck, Silica gel 60 F254, 10×10 cm) and was developed by a solvent A (1-butanol W acetic acid W H2O; 2:1:1) or a solvent B (2-propanol W H2O containing 0.05 M NaCl; 7:3). To detect the partial lysate, a small strip of the plate was separated and sprayed with an indicator solution ( p-anisaldehyde W sulfuric acid W ethanol; 1:1:18), followed by heating at 1109 C for 5 min. The parts of the silica gel, that corresponded to oligosaccharide bands, were scraped oŠ from the plate and extracted with enough distilled water. The supernatant was collected after centrifugation at 3250×g for 15 min and freeze-dried.
One milligram of oligosaccharides was solubilized with 100 ml of 0.8z tri‰uoroacetic acid and kept at 959 C for 5 min under an N2 atmosphere. The hydrolyzed sample was solubilized with 100 ml of trimetylsilyldiazomethane and kept at 609 C for 10 min. GC analysis of the glycoside composition is described in another section.
Nuclear magnetic resonance spectroscopy and MS analysis. The puriˆed sample was dissolved in D2O at a concentration of 60 mg W ml. All NMR spectra were acquired with a spectrometer, Unity 500 (Varian, Palo Alto, Calif.) at 309 C. The D2O peak of chemical shifts, which is referred to an internal norm, was taken as 4.8 ppm (dH). Two-dimensional experiments in H,H-correlated spectrometry (COSY), heteronuclear single-quantum coherence spectrometry (HSQC), heteronuclear multibond correlation spectrometry (HMBC), homonuclear hartman-hahn spectrometry (HOHAHA), and nuclear Overhauser eŠect spectrometry (NOESY) were done by the methods described elsewhere. 20, 21) MALDI-TOF W MS analysis of the partially hydrolyzed polysaccharide was done with a Voyager RP Biospectrometry Workstation (Perseptive Biosystems) as follows: mode; linker TOF, accelerating voltage; 10, matrix; 20 mg W ml 2,5-dihydroxybenzoic acid (DHBA) in 60z acetonitrile. The ratio of the sample to the matrix was 1:1000 for both matrices as described in the reference.
22)

Results
Preparation of H12 polysaccharide Three grams of white crude powder in step III was prepared from 1 l of culture broth of K. pneumoniae H12 as shown in Fig. 1 . After puriˆcation by gel ltration-HPLC, aˆbrous white powder (2.2 g) waŝ nally obtained. As the polysaccharide appeared at the void fractions, the molecular weight of the polysaccharide was suggested to be higher than pullulan ( Mr 188,000). As shown in Table 1 
Sugar composition of H12 polysaccharides
The purity of the sample from Step V was 92.2z from the total sugar content measured by the phenolsulfuric acid method.
Uronic acid was measured by the carbazolesulfuric acid method and the uronic acid content was 36.0z. Amino sugars was under the detectable level by the Elson-Morgan method.
The infrared spectrum (Fig. 2) of the sample showed distinct absorption wavelengths at 3400 cm "1 , 1720 cm "1 , and 1605 cm "1 , indicating the presence of hydroxyl, a carboxyl ester moiety, and carboxylic acid, respectively. The specialization of absorption at 1650 cm "1 , which suggested the presence of an amino sugar, could not be seen.
The puriˆed sample was completely hydrolyzed with 33z tri‰uoroacetic acid and four peaks were detected by GC analysis, which were identiˆed as DGlc (18.1 min), D-Man (20.4 min), D-Gal (21.2 min), and D-GlcA (22.9 min). Their molar ratio was 3.9:1.0:2.3:3.6, as shown in Table 2 .
Glycoside sequence analysis of oligosaccharides The sample in Step V was partially hydrolyzed with Compounds, B, and C, were deduced to be monosaccharides through GC analysis and were identiˆed respectively as GlcA and Gal. Compounds, A, D, E, and F, were deduced to be composed of Glc, Man, Gal, and GlcA (Table 3) .
NMR spectroscopic and MS analysis by partial hydrolysis product
Compound E, partial hydrolysis of puriˆed samples separated by HPLC, was measured by NMR analysis. The signal at d 1.48 of the 1 H NMR spectrum, which suggested the presence of pyruvic acid acetal, showed the presence of one pyruvic acid in a repeating unit of H12 polysaccharide. To determine the anomeric conˆguration and the sequence of sugar residues, the 1 H and 13 C NMR spectra were assigned by H,H-and C,H-correlated 2D NMR experiments (Table 4) C-3 (s 73.7) of residue a, C-4 (s 73.7) of residue a, and C-3 (s 76.8) of residue e and C-2 (s 78.6) of residue b. These results revealed structural compo-
NOESY experiments of analytical time (0.5 and 2.0 sec.) further revealed the structural component a¿e as shown in Table 5 . For all theˆve components, NOE contacts between the anomeric proton and the proton, which were linked to the connected carbon, were observed. A cross-peak, which was derived from a contact between the anomeric proton and the neighboring equatorial proton, H-3, was obtained in case of the disaccharide a-b. This type of interaction, which was seen in more thanˆve bonds, is commonly called as a g-gauche eŠect. Similar stereochemical arrangement was also present in the disaccharide d-a, and NOE was observed between H-1 of d and H-1 of a. The g-gauche interaction shifted the signal the corresponding carbons upward, although the eŠect shifted an anomeric carbon signal downward. Similar, g-gauche interaction between H-1 of component a and H-3 of component b might have a downward shift less than the normal condition. NOE between H-1 of the 3-substituted galactose and H-3 and H-4 of the 3substituted 4,6-pyruvate conjugated residue suggested that the connection to pyruvate had an R-conˆguration, which was supported by the chemical shift values of the methyl signal, s 1.48, and s 25.8. Chemical shift for signals H-4 to H-6, C-5, and C-6 in glycoside residue e were in good agreement with those of a 4,6-pyruvated D-galactose residue.
Compound A of acid hydrolysis was suggested to be undecasaccharide from the molecular mass data of MS. After b 1,4-galactosidase treatment of compound A, additional TLC-separation in the solvent B suggested that the enzymatic products might be a mixture of monosaccharide(compound C), trisaccharide (compound D), pentasaccharide (compound E), and heptasaccharide (compound F). The hydrolysis of Compound A, each peak in MS, was respectively 190, 520, 844, and 1184 m W z (Fig. 3) .
Discussion
Chemical analysis of H12 polysaccharide might be important for the evaluation of the mechanism of adhesion of bacteria to plants tissues. However, in the case of polysaccharides, a pure sample is hard to obtain in general, because polysaccharides adsorb metals and amino acids in many cases, and their glycoside compositions were often heterogeneous in molecular mass or glycoside-composition. For the preparation of H12 polysaccharide, we repeated the ethanol precipitation procedures, gel-ˆltration column chromatography, and ion column chromatography several times as shown in Fig. 1 , but the Step V sample still had a signiˆcant amount of impurities in it (Table 1) . The crude sample and the puriˆed sample gave almost the same results for the glycoside composition ratio (data not shown), the data of the composition (D-Glc:D-Man:D-Gal:D-GlcA＝3.9:1.0:2.3:3.6) was credible, although a small amount of by-products, which were caused by the acid hydrolysis procedure, might have somewhat altered this ratio. In a previous paper, both galacturonic acid and glucuronic acid were detected in this polysaccharide, however, galacturonic acid was not detected by using GC, HPLC, or a carbazole-sulfuric acid method. This glycoside ratio diŠered from all the ones that have been already reported for K. pneumoniae. Although, in K. pneumoniae, many extracellular polysaccharide have so far been found to be O-and K-antigens, H12 polysaccharide might be of a novel type, because such a complicated unit of undecasaccharide has not been reported so far in the extracellular polysaccharide of K. pneumoniae.
To elucidate the glycoside sequence, a partial lysate by enzyme or acid treatment was analyzed. The polysaccharide might be the linear polymer of the unit, because the undecasaccharide was found as the main product of the partial acid-hydrolyzed polysaccharide.
It is probable that the Gal-(1ª4)-Glc bond is the main target of the partial-acid hydrolysis, because the 1ª4 linkage of Gal-Glc was broken by weak acid (peeling reaction). In summary, H12 polysaccharide is the partial structure of a pentasaccharide unit with a side chain of one D-GlcA to the D-Glc moiety, although the existence of some other sequence or other constituent glycosides could not be fully excluded.
Compounds C, D, E, and F were obtained after b 1,4-galactosidase treatment of compound A. The MS value of their oligosaccharides did not agree with the products obtained by enzyme treatment of H12 polysaccharide, because compound A contained several components from the results of glycoside decomposition by acid hydrolysis (Fig. 3) . It can be presumed that compound E (Partial hydrolysis of compound A) is a partial structure of H12 polysaccharide in NMR analysis (Fig. 4) , and H12 polysaccharide might be an irregular polysaccharide with a partial structure of compound E.
The undecasaccharide unit has a GlcA side chain.
Some glucuronic acid-containing polysaccharides have also been reported to participate in ‰occulation, and H12 polysaccharide has also been reported to participate in ‰occulation or adhesion phenomena of bacteria. 23) As the ‰occulating activity of H12 polysaccharide decreases at acid pHs, the carboxyl group in a glucuronic acid moiety, which has a pKa in acid pHs, might be involved in the ‰occulating activity. The ‰occulation of H12 polysaccharide had a need for Ca 2+ ion, therefore GlcA of a side chain in H12 polysaccharide or part of another GlcA might form a crosslinkage by Ca 2+ ion. As H12 polysaccharide has a complicated sequence, analysis of the stereographic structure and its biosynthetic pathway may be interesting themes. Anyway, this elucidation of the glycoside-composition and -sequence might help in these researches.
